r 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europden des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
19.09^01 Bulletin 2001^8 

(21) Application number 96912756J2 

(22) Date of filing: 15.04.1996 



(11) EP 0 821 648 B1 

EUROPEAN PATENT SPECIFICATION 

(51) int CI7: B29D 23/00, A61 F 2/06 



(86) Intematlonal application number 
PCT/US96m5165 

(87) Intematlonal publication number 

WO 96A33066 (24.10.1996 Gazette 1996/47) 



(54) IVIETHODS OF MANUFACTURE OF RADIALLY-ENLARGEABLE PTFE TAPE-REINFORCED 
VASCULAR GRAFTS 

VERFAHREN ZUR HERSTELLUNG VON RADIAL EXPANDIERBAREN, BANDVERSTARICTEN 
POLYTETRAFLUORATHYLENGEFASSTRANSPLANTATEN 

PROCEDES DE FABRICATION DES GREFFES VASCULAIRES EN PTFE, EXTENSIBLES 
RADIALEIVIENT ET RENFORCEES PAR BANDE 



m 

00 
CO 

00 

o 

LU 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB IE IT U NL PT SE 

(30) Priority: 17.04.1995 US 423762 

(43) Date of publication of application: 
04.02.1998 Bulletin 1998/06 

(73) Proprietor Edwards Lifesciences Corporation 
Irvine, OA 92614 (US) 

(72) Inventors: 

• SHANNON, Donald 
IMIssion Viejo, CA 92691 (US) 

• iWlcINTYRE, John 
Vista, CA 92083 (US) 

• KUO, Chris 
Orange, CA 92668 (US) 



• McCOLLAIM, Chris 
Irvine, CA 92714 (US) 

• PETERSON, Robert 

Dove Canyon, CA 92679 (US) 

(74) Representative: lUlacGregor, Gordon etal 
Eric Potter Ciarkson, 
Parl( View House, 
58 The Ropewallc 
Nottingham NG1 5DD (GB) 



(56) References cited: 
EP-A- 0 313 263 
WO-A-95A)5131 
GB-A- 2 068 827 
US-A- 5 071 609 



EP-A- 0 551 179 
WO-A-95/05132 
US-A- 4 478 898 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouvo. 75001 PARIS (FR) 



FO USSN: 10/029,557 
Atty. Docl^et No.: 
021630-000700US 



EP 0 821 648 B1 



Description 

Field of the Invention 

5 [0001] The present invention relates generally to bioprosthetic vascular grafts, and more particularly to a method of 
manufacturing radially enlargeable. tubular, tape-reinforced polytetrafluoroethylene (PTFE) vascular grafts. 

Background of the Invention 

10 [0002] Polytetrafluoroethylene (PTFE) has been used for the manufacture of various types of bioprosthetic vascular 
grafts, including tape-reinforced, tubular grafts of the type frequently utilized to replace or bypass a diseased or injured 
segment of blood vessel. 

[0003] The expanded sintered PTFE from which the tubular base graft and the sun-ounding reinforcement tape are 
formed typically has a microstructure characterized by the presence of dense areas known as "nodes" interconnected 
'5 by elongate strands known as "fibrils". The directional orientation of fibrils Is largely detennined by the directlon(s) in 
which the material was expanded prior to sintering thereof. The diameter and spacing of the fibrils is largely detemnined 
by the dynamk^ (l.e., rate frequency and amount) of the expansion. The porosity of the expanded sintered PTFE 
material Is detemiined by the size of the spaces whteh exist between the fibrils, after the expansion step has been 
completed. 

20 [0004] The sintering of the expanded PTFE is accomplished by heating the expanded woriq3lece to a temperature 
above the melting point of crystalline PTFE. Typically, this is effected by heating the woriqsiece to a temperature of 
350-370'c. This sintering process is characterized by a transition off the PTFE polymer from a highly crystalline fomn 
to a more amorphus form. Thus, the sintering process is sometimes refen'ed to as "amorphous locking" of the PTFE 
polymer. The sintering process Imparts signifteantly improved strength to the PTFE polymer matrix, while also causing 

25 the polymer matrix to become harder and less stretchable. 

[0005] In the tape-reinforced PTFE vascular grafts of the prior art, it has been typical for the PTFE reinforcement 
tape to be wound spirally about the outer surface of the base graft. Such orientation and positioning of the relatively 
thin, sintered, PTFE reinforcement tape about the outer surface of the base graft substantially precludes or severely 
limits the amount of radial stretching or radial expansion that the base graft may undergo. Thus, the typical tape- 

30 reinforced tubular PTFE vascular graft of the prior art is incapable of undergoing more than a minimal amount (e.g., 
<5%) of radial stretching or radial expansion without tearing of the surrounding reinforcement tape. 
[0006] The inability of tape-reinforced PTFE vascular grafts to undergo radial stretching or radial expansion has not 
interfered with the usual surgical implantation of such grafts because, In the usual surgteal graft implantation procedure, 
the graft is sized-matched to the host blood vessel and is subsequently anastomosed Into or onto the host blood vessel. 

35 Thus, in traditional surgical Implantation procedures, there has been little or no need to effect radial stretching or radial 
expansion of the graft at the time of implantation. 

[0007] Recently developed endovascular grafting procedures have, however, created a need for tape-reinforced 
tubular PTFE vascular grafts whteh are capable of undergoing significant amounts of radial enlargement (i.e., radial 
expansion with resultant enlargement of the radial dimension of the graft). In these endovascular grafting procedures, 

40 the tubular vascular graft is typically passed through a catheter Into the lumen of a deceased blood vessel and, there- 
after, is deployed to an open or extended configuration within the lumen of the host blood vessel. The graft is then 
anchored to the surrounding blood vessel wall, thereby effecting the desired endovascular placement of the graft within 
the lumen of the existing blood vessel. Thus, because it is necessary to initially compact the graft and pass it through 
the lumen of a relatively small catheter, and to subsequently radially enlarge the graft to Its desired size and conf Igu- 

45 ratton. there exists a present need for the development of a tape-reinforced tubular vascular graft which is capable of 
undergoing in situ radial enlargement within the lumen of an existing blood vessel. 

[0008] WO-A-95/05132 discloses an intraluminal stent comprising a tubular base graft, which can be diametrically 
expanded and is covered with porous, expanded PTFE film. 

[0009] US-A-5122154 discloses an endovascular bypass graft comprising a plurality of diametrically expandable 
50 stents covered with expanded PTFE, 

[0010] EP-A-0232543 discloses that a known stent comprises a PTFE tube, reinforced with a PTFE tape wound 
around the outer surface of the tube, integrating the two layers. This document discloses that the tape may be avoided 
by using a sintered PTFE tube, oriented in both the axial and circumferential directions. 

[0011] The features of the present Invention are set out In Claim 1 whteh requires a method for manufacturing a 
55 radially enlargeable tape-reinforced tubular vascular graft, said method comprising the steps of: 

a) providing a workpiece comprising: 
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(0 a tubular base graft having an outer surface and a hollow lumen extending longitudinally therethrough, said 
tubular base graft being fonned substantially of a sintered fluoropolymer material, and 
(ii) reinforcement tape wound about the outer surface of said tubular base graft, said reinforcement tape com- 
prising a film fomied substantially of sintered fluoropolymer material, and 

b) radially shrinking said worlqdiece, thereby causing the graft to assume a radially shnjnken state from which said 
graft may be subsequently radially enlarged. 

[001 2] The present invention comprises a method for increasing or improving the ability of a tape-reinforced tubular 
graft to undergo radial enlargement without tearing or breaking. 

[0013] A radially enlargeable tape-reinforced tubular vascular graft is fomned by initially manufacturing the tape* 
reinforced graft In acconjance with any suitable manufacturing methodology, and subsequently radially shrinking the 
tape-reinforced graft to a decreased radial size. Such radial shrinkage of the tape-reinforced graft may be accomplished 
gradually, or in incremental steps, to minimize the likelihood of puckering of the tubular base graft as the sumsunding 
reinforcement tape shrinks. Also, such radial shrinkage of the graft may be accomplished by any suitable polymer 
shrinkage technique, including heat-induced shrinkage or chemical-induced shrinkage. 

[0014] One or more rigid mandrel(s) may be inserted Into the lumen of the tubular base graft during the shrinkage 
process. In embodiments of the Invention wherein the shrinkage process is accomplished in incremental or step wise 
manner, a single mandrel of adjustable diameter, or multiple mandrels of Incrementally smaller diameter, may be utilized 
to effect the desired gradual, incremental or step-wise shrinkage of the graft 

[001 5] The desired shrinkage of the tape-reinforced graft may be accomplished by passing the tape-reinforced graft 
through a sizing dye to accomplish the desired radial shrinkage thereof. 

[001 6] The radially enlargeable tape-reinforced PTFE vascular graft may be alternatively fonned by initially wrapping 
the expanded sintered PTFE relnforcernent tape about the rigid mandrel to create a tape-tube whteh is devoid of any 
tubular base graft. The tape-tube is then radially shrunken, in accordance with the present Invention, and the radially 
shrunken tape tube is subsequently applied to the outer surface of a relatively small-diameter tubular base graft. The 
tubular base graft and the surrounding shrunken tape-reinforcement may then be radially enlarged in accordance with 
the present Invention, without tearing or breaking of the reinforcement tape. 

[0017] Any embodiment of the radially enlargeable tape-reinforced tubular PTFE grafts of the present Invention may 

be provided with external support filaments or beading to provide structural support to the graft, and to prevent inden- 
tation or kinking of the graft lumen when implanted. Such support filaments or beading may be formed of PTFE or any 
other suitable material. 

[001 8] Further objects and advantages of the invention will become apparent to those skilled In the art upon reading 
and understanding of the following detailed description, and consideration of the accompanying figures. 

Brief Description of the Drawings 

[0019] 

Rgure 1 is a block diagram showing a presently pnefen^ed method for manufacturing a radially enlargeable, tape- 
reinforced, tubular vascular graft of the present invention. 

Figure 2 is block diagram showing an alternative method for manufacturing a radially enlargeable tape-reinforced 
tubular vascular graft of the present invention. 

Figure 3 is a block diagram showing a presently prefemed method for endovascular implantation and in sHu radial 
expansion of a tape-reinforced vascular graft of the present invention. 

Detailed Description of the Preferred Embodiment 

[0020] The following detailed description and the accompanying drawings to which it refers are provided for purposes 
of describing and illustrating the presently prefen-ed embodiments of the invention, and are not intended to limit the 
scope of the Invention In any way. 

1 . Method for Manufacturing a Radially Expandable Tape-Reinforced, PTFE Vascular Graft 

[0021] As shown In the block diagram of Rgure 1 , the prefen-ed method of manufacturing a tape-reinforced vascular 
graft of the present invention Involves separate preparation of a) an expanded, sintered, tubular PTFE base graft and 
b) an expanded, sintered PTFE reinforcement tape. The PTFE reinforcement tape is then spirally wound about and 
laminated or fused to the outer surface of the tubular base graft, thereby fomiing the desired tape-reinforced vascular 
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graft • 
[0022] Thereaften in accordance with the present invention, the sintered, tape-reinforced, tubular vascular graft Is 
radially shrunken to a reduced radial dimension, such ttiat the graft may be subsequentiy stretched or expanded to or 
near Its original {pre-shrinl<age) radial dimension. 

5 

A. Preparation of the Tubular Base Graft 

[0023] The preferred method for preparing the expanded, sintered PTFE tubular base graft is shown In Figure 1 . 
10 I.) Preparation of Paste 

[0024] The manufacture of the tubular base graft begins with the step of preparing a PTFE paste dispersion 1 0 for 
subsequent extrusion. This PTFE paste dispersion may be prepared by known methodology whereby a fine, virgin 
PTFE powder (e.g., F-104 or F-103 Virgin PTFE Fine Powder, Dakin America, 20 Olympic Drive. Orangebury. NY 
'5 10962) is blended with a liquid lubricant, such as odoriess mineral spirits (e.g., isopat<9 , Exxon Chemical Company, 
Houston, TX 77253-3272), to fomi a PTFE paste of the desired consistency. 

il.) Extrusion of Tube 

20 [0025] The PTFE-lubricant blend dispersion is subsequentiy passed through a tubular extrusion dye to fomi a tubular 
extrudate 1 2 . The extrudate formed in this step of the method has a diameter or cross-dimension which is approximately 
the same as the final diameter or cross-dimension desired of the graft after it has been Implanted and subjected to in- 
situ radial expansion in accordance with the present invention. 

25 HI.) Drying 

[0026] The wet tubular extrudate is then subjected to a drying step 14 whereby the liquid lubricant is removed. This 
drying step 1 4 may be accomplished at room temperature or by placing the wet tubular extrudate in ah oven maintained 
at an elevated temperature at or near the lubricants dry point for a sufHcient period of time to result in evaporation of 
30 substantially ait of the liquid lubricant. 

iv.) Expansion 

[0027] Thereafter, the dried tubular extrudate is longitudinally expanded 16 or longitudinally drawn at a temperature 
35 less 'than 327*c and typically In the range of 250-326*c. This longitudinal expansion 1 6 of the cxtaidate may be ac- 
complished through the use of known methodology, and may be implemented by the use of a device known as a batch 
expander Typically, the tubular extrudate is longitudinally expanded by an expansion ratio of more than two to one (2: 
1) (i.e., at least two (2) times its original length). 

40 V.) Sintering 

[0028] After the longitudinal expansion step has been completed, the tubular extrudate Is subjected to a sintering 
step 1 8 whereby the extrudate is heated to a temperature above the sintering temperature of PTFE (i.e., 350-370*c) 
to effect amorphous-locking of the PTFE polymer. The methodology used to effect the sintering step, and the devtees 
^ used to Implement such methodology, are known in the art. 

[0029] Completion of the sintering step 1 8, mari<s the completion of the preparation of the expanded, sintered PTFE 
base graft. 

B. Preparation of Reinforcement Tape 

50 

I) Preparation of Paste Dispersion 

[0030J In accordance with preferred method shown In Figure 1 , the preparation of the expanded sintered PTFE 
reinforcement tape Includes the initial preparation of a PTFE paste dispersion 20. The PTFE paste dispersion prepared 
55 in this step 20 may be prepared in the same manner as described hereabove for preparation of the PTFE paste dis- 
persion 1 0 used to fomri the tubular base graft. 
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ii.) Extrusion of Film 

[00311 The PTFE paste dispersion 20 is sut>sequently passed through the film extrusion dye to fomn a wet film ex- 
trudate 22. The wet film extrudate is taken up or wound upon a rotating core so as to form a roll of the wet film extrudate. 

5 

lii.) Calendaring 

[0032] The wet film extrudate Is subsequently unrolled and subjected to an initial cold (i.e., <1 OO^'c) calendaring step 
24 by passing the film through at least one set of opposing stainless steel calendaring rollers having an adjustable gap 

10 thickness therebetween. The calendaring rollers are preferably maintained at a temperature between room temperature 
and 60''c. The width of the wet extrudate is held constant as it passes through these calendaring rollers. The thickness 
of the wet film extnjdate is reduced to its desired final thickness [e.g. 0.010-0.013 rnm (0.004-0.005 inches)] while the 
width of the film is maintained constant, it will be appreciated that, since the width of the film is maintained constant 
the passage of the film through the calendaring machine will result In a longitudinal lengthening of the film. The amount 

IS of longitudinal lengthening will be a func^on of the decrease In film thickness which occurs as the film passes between 
the calendaring rollers. 

[0033] One example of a commercially available calendaring machine useable for this purpose Is the small Klliion 2 
Roll Stack, (Klliion Extruders, inc.. Cedar Grove, NJ 07009.) 

20 iv) Drying 

[0034] Thereafter, the wet film is subjected to a drying step 26. This drying step may be accomplished by pemnitting 
or causing the liquid lubricant to evaporate from the matrix of the film. Such evaporation of the liquki lubricant may be 
facilitated by passing the film over a drum or roller whk:h is maintained in an elevated temperature sufficient to cause 
25 the liquid lubricant to fully evaporate from the film matrix. 

V) Expansion 

[0035] Separately, or concurrently with the drying step 26, the film is subjected to an expansion step 28. Such ex- 
30 pansion step comprises expanding the PTFE film in at least one direction (e.g., longitudinally). Such expansion of the 
film serves to a) increase the porosity of the film, b) increase the strength of the film, and c) orient the PTFE fibrils in 
the direction of the axis of expansion. This expansion step 28 is typically carried out with some heating of the film 
during such expansion, but such heating does not exceed the crystalline melting point of the PTFE polymer. 

35 vi) SIhtering 

[0036] After the drying step 26 and expansion step 28 have been completed, the film is subjected to a sintering step 
30 wherein the film is heated to a temperature above the melting point of PTFE to accomplish sintering or amorphous 
locking of the PTFE polymer. This sintering step 30 may be canied out by passing the film over a drum or roller which 
40 is maintained at a high surface temperature (e.g., 350-420''c) to cause the desired heating of the PTFE film above the 
melting point of the PTFE polymer for a sufTicient period of time to effect the desired sintering of the film. 

0. Wrapping and Lamination of the Reinforcement-Tape onto the Base Graft 

45 [0037] After the sintered PTFE base graft and sintered PTFE reinforcement tape have been separately prepared, 
the tape-reinforced tubular graft is fabricated by spirally wrapping the PTFE reinforcement tape onto the outer surface 
of the tubular base graft 32. Thereafter, the tape is laminated or fused onto the outer surface of the graft 34. 
[0038] Typically, in carrying out these steps (i.e., winding of the tape 32 and lamination 34 of the method, a first rigid 
stainless steel rod or mandrel, having an outer diameter substantially the same as the lumenal diameter of the sintered 

so expanded tubular extrudate (i.e., the base graft) is inserted into the lumen of the base graft. Thereafter, the mandrel- 
borne sintered PTFE tubular base graft is rotated or spun about its longitudinal axis while the strips of expanded, 
sintered PTFE reinforcement tape are laid on the outer surface of the base graft, thereby spirally wrapping the tape 
onto the base graft to fonn the desired tape-reinforced graft stmcture. The ends of the tape reinforced graft are then 
affixed to the first mandrel by way of wire ligatures, thereby preventing the tape-reinforced graft from longitudinal short- 

ss ening. 

[0039] The mandrel-borne, tape-reinforced graft is then placed in an oven and heated to a temperature of approxi- 
mately 355-375*0 for a period of approximately 10-60 minutes to cause the sintered PTFE reinforcement tape to be- 
come laminated to the outer surface of the sintered PTFE base graft. 
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[0040] The presence of the first rigid mandrel within the lumen of the tape-reinforced graft prevents the tape-rein- 
forced graft from undergoing radial shrinlcage or contraction during this lamination step. Also, the wire ligatures affixing 
the ends of the tape-reinforced graft to the rigid mandrel prevent the graft from undergoing longitudinal shrinkage or 
shortening during this lamination step. 

5 

D. Radial Shrinlcage of the Tape-Reinforced Graft 

[0041] After the tape has been laminated onto the outer surface of the base graft to fomi the desired tape-reinforce 
graft structure, the tape-reinforced graft is subjected to radial shrinkage 36. This radial shrinlcage step 36 may be carried 
10 out in one or more Increments or stages. 

[0042] In accordance with the prefen-ed method, the radial shrinkage of the graft may be carried out by Initially 
removing the wire ligatures which held the graft to the first rigid mandrel, and removing the first rigid mandrel from the 
lumen of the graft. 

[0043] Thereafter, a second rigid mandrel, having an outer diameter which is smaller than the outer diameter of the 
15 first rigid mandrel, Is inserted through the lunien of the graft, and the ends of the graft are affixed, by way of wire 
ligatures, to the second rigid mandrel. 

[0044] Thereafter, the second rigid mandrel and the tape-reinforced graft disposed thereon are placed back In the 
oven at a temperature of 355*^0 for a period of approximately 1 0 minutes to cause the graft to undergo radlat shrinkage 
until the lumenal diameter of the graft has become substantially the same as the outer diameter of the second rigid 
20 mandrel. 

[0045] Thereafter, the wire ligatures are removed and the second rigid mandrel Is extracted from the lumen of the 
graft. 

[0046] A third rigid mandrel, having an outer diameter which is smaller than the outer diameter of the second rigid 
mandrel, is then Inserted through the lumen of the graft and wire ligatures are utilized to affix the ends of the graft to 
25 the third rigid mandrel. 

[0047] Thereafter, the third rigid mandrel, along with the tape-reinforced graft disposed thereon, is placed In an oven 
at a temperature of 355''c for a period of approximately 1 0 minutes to cause the graft to undergo further radial shrinkage 
until the lumenal diameter of the graft is substantially the same as the outer diameter of the third rigid mandrel. 
[0048] The above-described shrinkage steps may be repeated consecutively using a number of progressively smaller 

30 rigid mandrels to effect incremental (e.g., staged) radial shrinkage of the graft. Care is taken to firmly affix the ends of 
the graft to each rigid mandrel prior to shrinkage thereof, so as to prevent the graft from undergoing longitudinal shrink- 
age or longitudinal shortening during the radial shrinkage process. 

[0049] Although any suitable number of Incremental shrinkage steps may be utilized, It Is expected that in most 
applications the desired radial shrinkage of the graft will be accomplished' with the use of no more than five (5) pro- 

35 gresslveiy smaller rigid mandrels. > 

[0050] For example, if it is desired to manufacture a tape-reinforced tubular graft whk:h will have a lumenal diameter, 
when fully expanded, of 1 2.7 mm (0.5 Inch), it will be desirable to initially manufacture the tape-reinforced graft structure 
to have such 12.7 mm (0.5 inch) lumenal diameter prior to shrinkage thereof. Thereafter, the tape-reinforced graft 
structure may be subjected to incremental shrinkage of reduced diameter mandrels such as shown In the following 

40 example: 



Example 


Preparation of A Radially Enlargeable Graft Having an OD of 0^ Inches* 


MANDREL NO. 


I^ANDREL OUTER DIAMETER 


1 


0.5 Inch 


2 


0.45 inch 


3 


0.4 inch 


4 


0.35 inch 


5 


0.3 Inch 



• 1 1nch = 25.4 mm. 



55 

[0051] Thus, by incrementally shrinking the graft onto the outer surfaces of the five (5) shrinking mandrels listed 
hereabove, the lumenal diameter of the graft will be reduced from an initial lumenal diameter of 12.7 mm (0.5 inches) 
to a final lumenal diameter of 7.6 mm (0.3 inches). 
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[0052] The tape-reinforced graft described hereabove, having a lumenal diameter of 7.6 mm (0.3 inches), may then 
be re-expanded to a fully expanded diameter of approximately 1 2.7 mm (0.5 inches)~the same as its original diameter 
prior to shrinkage. 

[0053] The incremental or step-wise shrinkage of the graft is for the purpose of preventing puckering or wrinkling of 

5 the graft as may occur If a large amount of radial shrinkage is effected in a single step. Although this incremental or 
step wise shrinkage is described hereabove with reference to a batch manufacturing method whereby individual seg- 
ments of the graft material are placed on progressh^ely smaller rigid mandrels or rods, it will be appreciated that the 
method of the present invention may also be canled out by various continuous techniques whereby the radial shrinkage 
of the graft will occur gradually, without puckering or wrinkling of the tubular base graft. For example, a continuous 

w elongate tubular tape-reinforced graft may be drawn longitudinally over the surface of a gradually tapered or gradually 
narrowed rigid mandrel while heat is applied thereto to bring about the desired gradual radial shrinkage of the graft as 
it passes over the outer surface of the tapered or narrowed rigid nnandrel. Alternatively, a segment of tape-reinforced 
tubular graft material may be initially placed on a single mandrel of adjustable or shrinkable diameter such that the 
mandrel will decrease or shrink in diameter as the graft shrinks in diameter 

IS [0054] It is intended that the present invention, as claimed herebelow, Include any and all such continuous embod- 
iments and/or adjustable/shrinkable mandrel embodiments of the method, as well as the specifk: batch-preparation 
method described hereabove. The radially shrunken tape-reinforced tubular PTFE grafts formed by the above-set- 
forth method may be cut into desired lengths, sterilized by gas or other suitable sterilization method(s), and packaged 
for distribution and subsequent implantation in a mammalian host. 

20 [0055] It will be appreciated that the radially shrunken. tape-reinforced PTFE vascular grafts of the present Invention 
may be used in applications wherein they are anastomosed into a host blood vessel by known open surgical techniques, 
without being subjected to radial enlargement at the time of implantation of the graft. In these applications, one advan- 
tage whk:h may be achieved through the use of the radially shrunken graft material is improved suture holding strength 
and a decreased likelihood of suture tear through when the ends of the graft are anastomosed to the host bloodvessel. 

25 [0056] Also, the radially shrunken tape-reinforced PTFE grafts of the present invention may be used in a variety of 
endovascular applications wherein they will be radially expanded or radially dilated at the time of Implantation. In this 
regard, the radially expandable vascular grafts of the present invention may be used in conjunction with various pres- 
ently known or hereafter invented anchoring devices, stents, or other support systems for affixing and holding the graft 
at its desired position within the lumen of a mammalian blood vessel. 

30 

F. Additional Extemal Reinforcement 

[0057] In some applications, it is desirable for the grafts manufactured by the method of the present invention to 
include an extemal reinforcement menr^er, such as a PTFE filament wound spirally about and fused to the outer surface 
35 of the tape-reinforced graft The type(s) of PTFE filaments used to form such reinforcement member are typically 
sufficiently stretchable to accommodate and undergo the desired amount of radial expansion or radial stretching of the 
tape-reinforced graft. Thus, it is possible to apply and affix such PTFE filament reinforcement member by traditional 
methods, after the tape-reinforced graft has been radially shrunk. 

[0058] in accordance with the invention, in embodiments where it is desired to provide a PTFE reinforcement filament 
^ on the outer surface of the graft, the radially shrunken tape-reinforced graft provided at the end of the radial shrinkage 
step 36 may be positioned on a rigid nriandrel having an outer diameter equal to the shrunken inner diameter of the 
graft lumen. Thereafter, a sintered PTFE monofilament bead, such as that commercially available as PTFE beading, 
(Zeus industrial Products, inc., Orangeburg, S.C.) is spirally wound about the outer surface of the tape-reinforced 
tubular graft 38. 

^ [0059] Thereafter, the mandrel-bome tape-reinforced vascular graft having the PTFE filament spirally wound thereon 
is placed in an oven and heated to a temperature whbh is sufficient to fuse or laminate the PTFE reinforcement filament 
to the outer surface of the tape-reinforced graft 40. 

[0060] It will be appreciated that alternative methods of fusing the beading to the outer surface of the graft may also 
be employed. 

50 [0061] When so manufactured, the PTFE filament applied to the outer surface of the graft will undergo radial expan- 
sion or radial stretching concun^entiy with the remainder of the tape-reinforced graft prepared in accordance with the 
above-described method of the present invention. 

2 Alternative method for forming the Radially Expandable, Tape-Reinforced Graft 

55 

[0062] As an altemative to the at)ove-described method, wherein the entire tape-reinforced graft (i.e., the reinforce- 
ment tape in combination with the tubular base graft) is subjected to radial shrinkage, the radially expandable tape- 
reinforced graft of the present invention may also be manufactured by an altemative method wherein only the rein- 
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forcement tape Is subjected to radial shrinkage, and such radially shrunken reinforcement tape Is subsequently applied 
to a relatively small diameter tubular base graft such that the base graft-reinforcement tape combination Is capable of 

subsequently undergoing radial enlargement without tearing or breaking of the reinforcement tape. 
[0083] This alternative method Is shown in the block diagram of Figure 2. 

5 

i. Preparation of Small Diameter Base Graft 

[0064] A relatively small diameter tubular base graft is prepared of expanded sintered PTFE material by the same 
steps 10 through 1 8 as described hereabove. However, in this method, the tubular base graft is of a diameter which 
10 Is equal to the desired diameter of the final tape-reinforced graft after radial shrinkage thereof. The tubular base graft 
Is preferably a thin waited or ultra-thin wailed graft capable of undergoing more than 5% radial enlargement without 
tearing or breaking. 

ii) Preparation of PTFE Reinforcement Tape Tube 

15 

[0065] Also, in this method, a quantity of expanded sintered PTFE reinforcement tape is prepared by the same steps 
20 through 30 as described hereabove. Thereafter, the expanded sintered PTFE reinforcement tape is used to prepare 
a "tape-tube" and such tape tube Is subsequently subjected to radial shrinkage, then applied to the outer surface of 
the small diameter thin or ultra-thin walled base graft. 

20 [0066] Specifically, as shown in Figure 2, the tape-tube may by prepared by initially wrapping 80 the expanded 
sintered PTFE reinforcement tape around a rigid mandrel in overiapping or otherwise abutting convolutk>ns, to fonm 
an elongate, tubular tape configuration. The mandrel-bome tape is then placed In an oven or otherwise heated to a 
temperature which causes the convolutions of tape to laminate or fuse to one another, thereby forming a tape-tube 82. 
[0067] Also, the tape-tube may be prepared by the methodology disclosed in US-A-5,207,960 (Moret de Rocheprise) 

^5 entitled, METHOD FOR THE MANUFACTURE OF THIN TUBES OF FLUORINATED RESIN, PARTICULARLY OF 
POLYETRAFLUOROETHYLENE. 

ill) Radial Shrinkage of Tape-Tube 

30 [0068] The tape-tube is then subjected to radial shrinkage, by any suitable method, including any of the heatnnduced 
or chemical-induced shrinkage methods described herein. Since the tape-tube is devoid of any Intemal base graft, it 
may be unnecessary to utilize the gradual or incremental shrinkage described hereabove, as such gradual or incre- 
mental shrinkage is primarily intended to avoid puckering or Infolding of the base graft. In this regard, the tape tube 
may simply be placed on a small diameter mandrel, such mandrel having a diameter substantially equal to the Intended 

35 diameter of the tape-tube after shrinkage thereof. The ends of the tape-tube may be affixed to the mandrel to prevent 
longitudinal shrinkage or longitudinal shortening of the tape-tube during the shrinkage process. Thereafter, the small 
diameter mandrel and the tape-tube affixed thereto may be heated to a temperature which causes the tape tube to 
shrink to the diameter of the mandrel. Thereafter, the tape-tube Is removed from the small diameter mandrel and utilized 
for subsequent fabrication of the desired radially enlargeable tape-reinforced graft. 

iv) Fabrication of Tape-Reinforced Graft 

[0069] The radially enlargeable tape-reinforced graft is fabricated by inserting the previously prepared small diameter 
tubular base graft into the lumen of the radially shrunken tape-tube .86. 

45 

V) Fusion of Tape-Tube to Base Graft 

[0070] Thereafter, the tape-tube/base graft combination is heated or otherwise treated to cause the tape-tube to fuse 
to the outer surface of the base graft, 88. Such fusion of the tape-tube to the outer surface of the base graft, results in 

so the fomnation of the desired radially enlargeable tape-reinforced graft. 

[0071 ] In a variation of the above, described alternative method, the reinforcement tape may be longitudinally shrunk, 
without being formed into a tape-tube as described hereabove. Such longitudinally shrunken tape may then be spirally 
wrapped around, and laminated to a relatively small diameter base graft-in accordance with the above-described 
wrapping and lamination methods, thereby forming a radially enlargeable tape-reinforced graft. 

S5 [0072] The radially enlargeable vascular grafts of the present Invention, as discussed hereabove, may be utilized in 
the manufacture of endovascular grafting systems which are deployable into the lumen of a blood vessel through a 
catheter or other tubular introducer and subsequently radially expandable such that the lumen of the graft will approx- 
imate the lumenal size of the blood vessel wherein the graft is disposed, and the graft will become anchored or affixed 
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to the surrounding blood vessel walL 

[0073] It will be appreciated that In many such endovascular applications, it will be desirable to utilize the radially 
enlargeable tape-reinforced vascular graft of the preset invention In conjunction with one or nnore a) anchoring mech- 
anisms, b) stents or c) other fixation devices, for the purpose of securing and affixing the graft to the sunrounding blood 

5 vessel wall. Examples of endovascular graft affixation devices, stents and/or other means which may be used for 
supporting or affixing an endolumlnaliy positioned tubular graft of the present Invention are described in the following 
United States and foreign patents/patent publications: 4,733,665 (Palmaz), 4.776,337 (Palmaz), 5,037,392 (Hilistead), 
5,116,318 (Hilistead), 6,136,536 (Hilistead). 5,21,658 (Clouse), 5,219,355 (Parodi et al.). 5,275.622 (Lazarus et al.), 
6,282,824 (Gianturco), 5,292,331 (Boneau), 5,330.500 (Song), 5,354,308 (Simon et al), 5,360,443 (Borone et al), 

10 5,016,253 (MacGregor), 5,171,262 (MacGregor). 5,061,275 (Wallsten et al.), §,282,860 (Matsuno et al.), 5,290,305 
(inoue). 5.304,200 (Spaulding). 5.306,286 (Stack ^ al.), DTI 97808 (Choudhuiy). SU 1217-402-A (Khark), EP 
466-51 8-A (Harrison et al.). EP 579523-A1 (Cottenceau J., et al.), 2.1 jB9,1 50-A (Medlnvent), and WO 90/02641 (Bowatd 
et al.). 

[0074] Also, in endovascular applicatk>ns wherein it Is desired to radially enlarge the graft In situ, it will be appreciated 
IS that various types of expansion apparatus may be used to cause the desired radial expansion or radial stretching of 
the graft. In particular, a generally cylindrical balloon may be fom^ed on the outer surface of a catheter and inserted 
within the lumen of the shrunken graft during or after placement of the graft within the lumen of the host blood vessel. 
Thereafter, the balloon may be inflated to cause controlled radial expansion of the graft. After being fully radially en- 
larged, the graft may be affixed or anchored to the surrounding blood vessel wall. 
20 [0075] The grafts of the present Invention may also fmd utility In traditional open surgical Implantation methods where- 
in it is desired to provide a graft having improved strength and Improved resistance to suture pull-through, in this regard, 
radially shrunken endovascular grafts of the present invention may be provided for surgical implantation by traditional 
open surgical techniques wherein a radially shrunken vascular graft of the present invention is anastomosed Into the 
host blood vessel to replace or bypass a diseased, or damaged segment of the vessel. In this regard, the shrunken 
^ size of the graft will be matched to the size of the host blood vessel, and the graft will be sutured in place without 
effecting any radial enlargement of the graft The radial shrinkage of the graft which took place during the manufacturing 
process will have Imparted substantial improvements to the overall strength and suture holding properties of the graft, 
even though no radial enlargement of the graft is effected at the time of Implantation. 

[0076] The radial shrinkage of the reinforcement tape, or of the entire tape-reinforced tubular graft, may be accom- 
30 pllshed by any suitable method other than the heat-induced shrinkage methods described specifbally herein, Including 
the use of any suitable chemical shrinkage technique whereby exposure of the reinforcement tape and/or the entire 
tape-reinf orced graft to a particular chemical will cause the reinforcement tape and/or the entire tape-reinforced graft 
to undergo the desired radial shrinkage. 

35 * ' 

Claims 
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1 . A method for manufacturing a radially enlargeable tape-reinforced tubular vascular graft, said method comprising 
the steps of: 

a) providing a woriqsiece comprising: 



1. a tubular base graft having an outer surface and a hollow lumen extending longitudinally therethrough, 
said tubular base graft being fomied sukistantlally of a sintered fluoropolymer material; and 
ii. reinforcement tape wound about ttie outer surface of said tubular base graft, said reinforcement tape 
comprising a film fornied substantially of sintered fluoropolymer material; and 

b) radially shrinking said workpiece, thereby causing the graft to assume a radially shrunken state from which 
said graft may be subsequently radially enlarged. 

50 

2. The method of Claim 1 wherein said method further comprises the step of: 

c) preventing the workpiece from undergoing tongitudinal shortening while said wrkpiece is undergoing the 
radial shrinkage of step b. 

55 3. The method of Claim 1 wherein step b comprises: 



initially radially shrinking the workpiece by a first incremental amount; and, 

subsequently radially shrinking the workpiece by at least one additional incremental amount. 
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4. The method of Claim 3 wherein the step of "subsequently radially shrinking the workpiece by at least one additional 
Incremental amounr comprises: 

radially shrinking the workpiece by a second incremental amount. 

5. The method of Claim 4 wherein step b further comprises: 

subsequently radially shrinking the workpiece by a third Incremental amount. 

6. The method of Claim 5 wherein step b further comprises: 

subsequently radially shrinking the workpiece by a fourth incremental amount. 

7. The method of Claim 6 wherein step b further comprises: 

subsequently radially shrinking the wortq>iece by a fifth incremental amount 

8. The method of Claim 1 wherein the lumen of the tubular base graft of the workpiece provided in step a, has a first 
lumenai diameter prior to undergoing radial shrinkage in step b of the method, and wherein step b of the method, 
comprises: 

providing a first shrinkage mandrel having an outer dianrieter which Is smaller than the lumenai diameter of 
the graft; 

inserting said first shrinkage mandrel into the lumen of the woricpiece; 

heating the woricpiece to cause the woriqsiece to radially shrink until the lumenat diameter of the wori<piece is 
substantially the same as the outer diameter of said first shrinkage mandrel. 

9- The method of Clalnl 8 wherein step b of said method further comprises: 

removing said first shrinkage mandrel from the lumen of the woriqDiece; 

providing a second shrinkage mandrel having an outer diameter whk:h Is smaller than the outer diameter of 
said first shrinkage mandrel; 

inserting said second shrinkage mandrel Into the lumen of the woricplece; and, 

heating the woricpiece to cause the woriqsiece to radially shrink until the lumenat diameter of the woriqDiece is 
substantially the same as the outer diameter of the second shrinkage mandrel. 

10. The method of Claim 9 wherein step b of said method further comprises: 

removing said second shrinkage mandrel from the lumen of the workpiece; 

providing a third shrinkage mandrel having an outer diameter which is smaller than the outer diameter of said 
second shrinkage mandrel; 

inserting said third shrinkage mandrel into the lumen of the workpiece; and, 

heating the workpiece to cause the woriqsiece to radially shrink until the lumenai diameter of the woriqaiece is 
substantially the same as the outer diameter of the third shrinkage mandrel. 

11. The mandrel of Claim 10, wherein step b, further comprises: 

providing a fourth shrinkage mandrel having an outer diameter which is smaller than the outer diameter of the 
third shrinkage mandrel; 

inserting said fourth shrinkage mandrel Into the lumen of the workpiece and, 

heating the workpiece to cause the woriqDiece to radially shrink until the lumenai diameter of the wori(plece is 
substantially the same as the outer diameter of the fourth shrinkage mandrel. 

12. The method of Claim 11 wherein step b further comprises: 

removing the fourth shrinkage mandrel from the lumen of the workpiece; 

providing a fifth shrinkage mandrel having an outer diameter which is smaller than the outer diameter of the 
fourth shrinkage mandrel; 

inserting said fifth shrinkage mandrel into the lumen of the workpiece; and, 

heating the woriq)iece to cause the woriqsiece to radially shrink until the lumenai diameter of the wori<piece is 
substantially the same as the outer diameter of the fifth shrinkage mandrel. 



10 



EP 0 821 648 B1 



13. The method of Claim 1 wherein the tubular base graft of the workplece Is fomied of expanded, sinterecl PTFE. 

14. The method of Claim 1 wherein the reinforcement tape of the workpiece Is fonmed substantially of expanded, 

sintered PTFE. 

5 

15. TTie method of Claim 3 wherein said method further comprises the step of: 

c) preventing the workplece from undergoing iongitudina! shortening while said workpiece is undergoing the 
radial shrinkage of step b. 

10 16. The method of Claim 9 wherein said method further comprises the step of: 

c) preventing the workplece from undergoing longitudinal shortening while said workpiece is undergoing the 
radial shrinkage of step b. 

17. The method of any preceding claim, comprising 

providing an anchoring apparatus for anchoring said graft to the wail of a blood vessel after the graft has 
been i) positioned endoluminaliy and ii) radially expanded within the lumen of said blood vessel. 

18. The method of Claim 1 wherein step b comprises: 

radially shrinking said workpiece so that the radial dimension of the wotlcpiece is decreased by more than 5%. 

20 

19. The method of Claim 1 wherein step b comprises: 

radially shrinking said workplece such that the radiaJ dimension of said workpiece is decreased by more than 

10%. 

25 20. The method of Claim 1 wherein step b comprises: 

radially shrinking said woriq}lece such that the radial dimension of said woriq^Iece is decreased by more than 

20%. 

21 . The method of Claim 1 wherein step b comprises: 
radially shrinking said wortq3iece such that the radial dimension of said woricpiece is decreased by more than 

40%. 

22. A batch method for manufacturing a radially expandable, tape-reinforced, tubular vascular graft fonmed substan- 
tially of sintered PTFE, said method comprising the steps of: 

a) providing a tubular base graft formed of expanded, sintered PTFE, said tube having a first end, a second 
end, an outer surface, and a lumen of a first diameter extending longitudinally therethrough; 

b) providing a quantity of PTFE reinforcement tape, said tape connprising an expanded, sintered PTFE film 
having a thk^ess of 2.5-76.2 |im (0.0001 -0.003 inches); 

c) inserting a first rigid mandrel into the lumen of said tubular base graft, said first rigid mandrel having an 
outer diameter whch is substantially equal to the first tumenal diameter of said tubular base graft; 

d) spirally wrapping said reinforcement tape about the outer surface of said tubular base graft to form a tape- 
reinforced graft; 

e) heating said tape-reinforced graft to a temperature above 327"c for a suffblent period of time to cause said 
reinforcement tape to laminate to the outer surface of sakj tubular base graft; 

f) removing said first mandrel from the lumen of the tape-reinforced graft; 

g) Inserting a second rigid mandrel Into the lumen of the tape-reinforced graft, said second rigid mandrel having 
an outer diameter which Is smaller than the first lumenal diameter of the lumen of said tape- reinforced graft; 

h) again heating the tape-reinforced graft to a temperature suffkHent to cause the tape^relnforced graft to shrink 
radially until its lumenal diameter is substantially the same as the outer diameter of the second rigid mandrel. 

23. The method of Claim 22 further comprising the steps of: 

i) removing said second rigid mandrel from the lumen of said tape-reinforced graft; 
j) inserting a third rigid mandrel Into the lumen of said tape-reinforced graft, said third rigid mandrel having an 
outer diameter which Is smaller than the outer diameter of second rigid mandrel; 

k) again heating the tape-reinforced graft to a temperature sufTiclent to cause further radial shrinkage of said 
graft until the lumenal diameter of the tape-reinforced graft is substantially the same as the outer diameter of 
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said third rigid mandrel. 

24. The method of Claim 23 further comprising the steps of: 

1) removing said third rigid mandrel from the lumen of said tape-reinforced graft; 

m) inserting a forth rigid mandrel into the lumen of said tape-reinforced graft, said third rigid mandrel having 
an outer diameter which is smaller than the outer diameter of said third rigid mandrel; 
n) again heating the tape-reinforced graft to a temperature sufficient to cause further radial shrinkage of the 
graft until Its tumenal diameter is substantially the same as the outer diameter of said fourth rigid mandrel. 

25. The method of Claim 24 further comprising the steps of: 

0) removing said fourth rigid mandrel from the lumen of said tape-reinforced graft; 

p) Inserting a fifth rigid mandrel into the lumen of said tape-reinforced graft, said fifth rigid mandrel having an 

outer diameter which is smaller than the outer diameter of said fourth rigid mandrel; 

q) again heating said tape-reinforced graft to a temperature sufficiently to effect further radial shrinlcage of said 

tape-reinforced graft until its lumenal diameter is substantially the same as the outer diameter of said fifth rigid 

mandrel. 

26. The method of Claim 22, wherein step d, further comprises affixing the ends of the tape-reinforced graft to said 
first mandrel to prevent longitudinal shortening of the tape-reinforced graft during subsequent heating thereof in 
step e. 

27. The method of Claim 22 wherein step g, further comprises affixing the ends of the tape-reinforced tubular graft to 
the second rigid mandrel to prevent longitudinal shortening of the tape-reinforced graft during subsequent heating 

In step h. 

28. The method of Claim 23 wherein step j, further comprises fixing the ends of said tape-reinforced graft to said third 
rigid mandrel to prevent longitudinal shortening of the tape-reinforced graft during subsequent heating in step k. 

29. The method of Claim 24 wherein step m, further comprises affixing the ends of said tape-reinforced graft to the 
outer surface of said fourth rigid mandrel to prevent longitudinal shortening of the tape-reinforced graft during 
subsequent heating in step n. 

30. The method of Claim 25 wherein step p, further comprises affixing the ends of said tape-reinforced graft to said 
fifth rigid mandrel to prevent longitudinal shortening of the tape-reinforced graft during subsequent heating in step q. 

31. A method of manufacturing a radially enlargeable tape-reinforced tubular vascular graft, said method comprising 
the steps of: 

a) fonning a tape-tube by wrapping a quantity of expanded, sintered fluoropolymer tape about a rigid mandrel 
and subsequently heating said tape to form said tape-tube; 

b) radially shrinking said tape-tube; 

c) coaxially positioning a tubular base graft fornied of expanded, sintered fluoropolymer, within said tape-tube; 

d) causing said tape-tube to become affixed to said base graft, thereby fonning said radially enlargeable tape- 
reinforced tubular vascular graft 

32. The method of Claim 31 wherein said method further comprises the step of: 

e) preventing the tape-tube from undergoing longitudinal shortening while said tube is undergoing the radial 
shrinkage of step b. 

33. The method of Claim 32 wherein step c, further comprises: 

coaxially positioning a thin-waiied tubular base graft having a thickness In the range of 0.15-0.65mm within 
said tape-tube. 

34. The method of Claim 32 wherein step c, further comprises: 

coaxially positioning a ultra-thin-walled tubular base graft having a thickness of less than 0. 1 5mm within said 
tape-tube. 
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35. The method of Claim 31 wherein the tape utilized in step a, is fomied of expanded sintered PTFE. 

36. The method of Claim 31 wherein the tubular base graft used In step c, Is fomied of expanded sintered PTFE. 

37. A method of manufacturing a radially enlargeabie tape-reinforced tubular vascular graft, said method comprising 
the steps of: 

a) providing a quantity of expanded, sintered ffuoropolymer tape; 

b) shrinl<lng said expanded, sintered fiuoropolymertape; 

c) providing a tubular base graft fomfied of expanded fiuoropolymer, said tubular base graft having a lumen 
and an outer surface; 

d) wrapping the shrunlcen, expanded, sintered f luoropolymer tape onto the outer surface of said tubular base 
graft; 

e) causing said tape to become affixed to the outer surface of said tubular base graft, thereby fonnlng said 
radially enlargeabie tape-reinforced tubular vascular graft. 

38. The method of Claim 37 wherein step c, further comprises: 

providing a thin-waited tubular base graft having a thickness in the range of 0.15-0.65mm. 

39. The method of Claim 37 wherein step c, further comprises: 

providing an uitra-thin-walled tubular base graft having a thickness of less than 0.15mm. 

40. The method of Claim 37 wherein the tape provided In step a, if fomned of expanded, sintered PTFE. 

41 . The method of Claim 37 wherein the tubular base graft provided in step c, is formed of expanded, sintered PTFE. 



PatentansprQche 

1. Verfahren zum Herstellen eines radial enveiterbaren, bandverstarkten, rohrfonnigen Gefal3transpiantats, wobei 

das Verfahren folgende Schritte aufwelst: 

a) Herstellen eines Werkstucks, das folgendes aufweist: 

. (i.) ein rohrfonnlges Basistransptantat mit einer auBeren Oberfi§che und einem hohlen Lumen, das sich 

in i-angsnchtung durch das Basistransplantat hindurch erstreckt, wobei das rohrfdnnige Baslstransplantat 
Im wesentilchen aus eInem gesinterten Ruorpolymemiaterlai gebildet wlrd; 

(ii.) ein um die SuBere Oberfi&che des rohrfdrmlgen Basistransplantats herumgewickeites VerstSrkungs- 
band, wobei das Verstarkungsband eine Schk:ht aufwelst. die im wesentilchen aus geslntertem Ruorpo- 
lymennaterial gebildet wlrd; und 

b) radlales Schrumpfen des WerkstOcks, so daB das Transplantat dazu veranlaBt wlrd, einen radial ge- 
schrumpften Zustand anzunehmen, von dem ausgehend das Transplantat anschlleBend radial erweitert wer- 
den kann. 

2. Verfahren nach Anspruch 1 , 

das weiterhin foigenden Schritt aufwelst: 

c) Verhindem, daB das Werkstiick eine Verkurzung in Langsrichtung erfahrt, wahrend das WerkstCtek der radialen 
Schrumpfung des Schrittes b) unterzogen wird. 

3. Verfahren nach Anspruch 1 , 

wobei der Schritt b) folgendes aufweist: 

anfangliches radlales Schrumpfen des Werkstircks um eInen ersten Inkrementbetrag; und 
- anschlieBendes radlales Schrumpfen des Werkstucts um mindestens einen zusdtziichen inkrementbetrag. 

4. Verfahren nach Anspruch 3, 

wobei der Schritt des "anschlleBenden radialen Schrumpfens des Werkstucks um mindestens einen. zusatzllchen 
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Inkrementbetrag" folgendes aufweist: 

- radiales Schrumpfen des WerkstQcks um einen zweiten Inkrementbetrag. 

5 5. Verfahren nach Anspruch 4, 

wobel der Schritt b) femer folgendes aufweist: 

- anschlieBendes radiales Schrumpfen des WerkstQcks um einen drftten Inkrementbetrag. 

10 6. Verfahren nach Anspruch 5, 

wobei der Schritt b) femer folgendes aufweist: 

- anschlieBendes radiales Schrumpfen des WerkstQcks um einen vierten inkrementbetrag. 

IS 7. Verfahren nach Anspruch 6, 

wobel der Schritt b) femer folgendes aufweist: 

- anschlieBendes radiales Schrumpfen des WerkstQcks um einen funften Inkrementbetrag. 

20 8. Verfahren nach Anspruch 1 , 

wobei das Lumen des rohifonnlgen Basistransplantats des Im Schritt a) geblldeten WerkstQcks, bevor es einer 
radlalen Schrumpfung in Schritt b) des Verfahrens unterzogen wird, einen ersten Lumendurchmesser aufweist 
und wobei der Schritt b) des Verfahrens folgendes aufweist 

25 - Vorsehen eines ersten Schrumpf-Doms, der einen AuBendurchnnesser aufweist, der klelner ist als der Lumen- 
durchmesser des Transplantats; 

Einfiihren des ersten Schrumpf-Doms In das Lumen des Wericstucks; 

- Erwamnen des Wericstucks, um das Werkstuck zum radlalen Schrumpfen zu veranlassen, bis der Lumen- 
durchmesser des WerkstQcks im wesentlichen mit dem AuBendurchmesser des ersten Schrumpf-Doms Qber- 

30 einstlmmt 

9. Verfahren nach Anspruch 8, 
wobei der Schritt b) des Verfahrens femer folgendes aufweist: 

- Entfemen des ersten Schrumpf-Doms aus dem Lumen des WerkstQcks; 

- Vorsehen eines zweiten Schrumpf-Doms mIt einem AuBendurchmesser, der kleiner ist als der AuBendurch- 
messer des ersten Schrumpf-Doms; 

Einfuhren des zweiten Schrumpf-Dorns in das Lumen des WerkstQcks; und 

- Erwarmen des Wericstucks, um das Wertcstuck zum radlalen Schrumpfen zu veranlassen, bis der Lumen- 
durchmesser des Weri^tQcks im wesentltehen mit dem AuBendurchmesser des zweiten Schrumpf-Doms 
Qbereinstimmt 

10. Verfahren nach Anspruch 9, 
wobei der Schritt b) des Verfahrens femer folgendes aufweist: 

- Entfemen des zweiten Schrumpf-Doms aus dem Lumen des WerkstQcks; 
Vorsehen eines dritten Schrumpf-Dorns mit einem AuBendurchmesser, der kleiner Ist als der AuBendurch- 
messer des zweiten Schrumpf-Doms; 

Einfuhren des dritten Schrumpf-Dorns in das Lumen des Wericstucks; und 

Enwarmen des WerkstQcks. um das Werkstuck zum radlalen Schrumpfen zu veranlassen, bis der Lumen- 
durchmesser des WerkstQcks Im wesentlichen mit dem AuBendurchmesser des dritten Schrumpf-Doms Qber- 
einstimmt. 

11. Verfahren nach Anspruch 10, 
wobel der Schritt b) femer folgendes aufweist: 

Vorsehen eines vierten Schrumpf-Doms mit einem AuBendurchmesser, der kleiner 1st als der AuBendurch- 
messer des dritten Schrumpf-Dorns; 
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• Elnfuhren des vierten Schrumpf-Doms in das Lumen des Werlcstucks; und 

- En«(armen des WerkstQcks, urn das WerkstOck zum radialen Schrumpfen zu veranlassen, bis der Lumen- 
durchmesser des Werkstuclcs im wesentlichen mit dem AuBendurchmesser des vierten Schrumpf-Doms Qber- 

einstlmmt. 

1 2. Verf ahren nach Anspruch 11, 

wobel der Schritt b) femer folgendes aufweist: 

Entfemen des vierten Schrumpf-Doms aus dem Lumen des Weri<5tucks; 

- Vorsehen eines funften Schrumpf-Doms mit einem AuBendurchmesser, der Ideiner ist als der AuBendurch- 
messer des vierten Schrumpf-Doms; 

- Einfuhren des fOnften Schmmpf*Doms in das Lumen des WerkstOdcs; und 

■ Erw&men des Werl(stQclcs. um das WerkstCkcIc zum radialen Schrumpfen zu veranlassen, bis der Lumen- 
durchmesser des WerkstQcks im wesentlichen mit dem AuBendurchmesser des funften Schrumpf-Doms uber- 
einstlmmt. 

13. Verf ahren nach Anspruch 1, 

wobei das rohrfomnige Basistransplantat des WerkstQcks aus expandiertem geslntertem PTFE gebildet wird. 

14. Verf ahren nach Anspruch 1, 

wobei das Verstarkungsband des WerkstQcks im wesentlichen aus expandiertem gesintertem PTFE gebildet wird. 

15. Verf ahren nach Anspruch 3, 

wobel das Verfahren femer foigenden Schritt aufweist: c) Verhindem. daB das Werkstuck elne Verkurzung in 
Langsrichtung erfahrt. wahrend das Werkstuck der radiaten Schrumpfung des Schrittes b) unterzogen wird. 

16. Verfahren nach Anspruch 9, 

wobei das Verfahren femer foigenden Schritt aufweist: c) Verhindem, daB das WerkstQck elne VerkQrzung In 
Langsrichtung erffihrt, wfihrend das WerkstQck der radialen Schrumpfung des Schrittes b) unterzogen wird. 

17. Verfahren nach einem der vorausgehenden Anspruche, bei dem eine Verankemngseinrichtung vorgesehen wird, 
um das Transplantat an der Wand eines BlutgefaBes zu verankem, nachdem das Transplantat I) endolumlnal 
positioniert worden ist und ii) in dem Lumen des BlutgefSBes radial erweltert worden Ist. 

18. Verfahren nach Anspruch 1, 

wobei der Schritt b) folgendes aufweist 

- radiales Schrumpfen des WerkstQcks derart, daB die radiale Abmessung des Weri<stucks um mehr als 5 % 
vermlndert wird. 

19. Verfahren nach Anspruch 1, 

wobei der Schritt b) folgendes aufweist: 

- radiales Schrumpfen des WertcstQcks derart, daB die radiate Abmessung des WericstOcks um mehr als 1 0 % 
vemfiindertwird. 

20. Verfahren nach Anspruch 1 , 

wobei der Schritt b) folgendes aufweist: 

- radiales Schrumpfen des Werkstucl<s derart, daB die radiate Abmessung des WertcstQcks um mehr als 20 % 
vemfilndert wird. 

21. Verfahren nach Anspruch 1 , 

wobei der Schritt b) folgendes aufweist: 

- radiales Schrumpfen des WertcstQcks derart, daB die radiale Abmessung des WertcstQcks um mehr als 40 % 
vermlndert wird. 
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22. Verfahren 2um chargenwelsen Herstellen eines radial erwelterbaren, bandverstarkten, rohrformlgen GefSfBtrans- 
plantats, das frn wesentlichen aus gesintertem PTFE geblldet wird, wobei das Verfahren folgende Schrftte aufwelst: 

a) Herstellen eInes rohrfdmiigen Baslstransplantats aus expandlertem gesintertem PTFE, wobel das Rohr- 
element ein erstes Ende, eln zweites Ende, eine au3ere Oberflache sowie ein Lumen mit einem ersten Ourch- 
messer aufwelst, das sich In LSngsrichtung durch dieses hindunch erstreckt; 

b) Vorsehen einer Menge an PTFE-VerelSrkungsband, wobei das Band eine expandierte, gesinterte PTFE- 
Schlcht mIt einer DIclce von 2,5 bis 76.2 urn (0,0001 bis 0,003 Inch) aufwelst; 

c) EinfQhren eines ersten stan^en Doms In das Lumen des rohrfonnlgen Baslstransplantats, wobel der erste 
stan-e Dom einen AulBendurchmesser aufwelst, der Im wesentlichen dem ersten Lumendurchmesserdes rohr- 
fdmiigen Baslstransplantats entspricht; 

d) wendelfomiiges Herumwickein des Verstarkungsbands urn die auBere Oberflfiche des rohrfonnlgen Basl- 
stransplantats, urn eln bandverstftrktes Transpfantat zu bilden; 

e) Enw&men des bandverstarkten Transplantats auf eine Temperatur uber 327 •C fur eine ausreichende Zelt- 
dauer, um ein Auflamlnlenen des Verstarkungsbands auf die auBere Oberflache des rohrfonnlgen Baslstrans- 
plantats hervorzurufen; 

0 Entfemen des ersten Doms aus dem Lumen des bandverstarkten Transplantats; 

g) EInfuhren eines zweiten starren Doms in das Lumen des bandverstarkten Transplantats, wobei der zweite 
stan-e Dom einen Aul3endunchmesser aufwelst, der klelner 1st ais der erste Lumendunchmesser des bandver- 
starkten Transplantats; 

h) emeutes Erwamnen des bandverstarkten Transplantats auf eine ausrefchende Temperatur, um ein radiales 
Schrumpfen des bandverstarkten Transplantats zu bewirken, bis sein Lumendurchmesser im wesentlkshen 
mit dem AufBendurchmesser des zweiten starren Doms ubereinstlnrvnL 

23. Verfahren nach Anspruch 22, 

das femer folgende Schritte aufwelst: 

i) Entfernen des zweiten stan-en Doms aus dem Lumen des bandverstarkten Transplantats; 

j) Einfuhren eines dritten stan-en Doms In das Lumen des bandverstarkten Transplantats, wobei der dritte 
starre Dom einen AulBendurchmesser aufwelst, der kleiner 1st ais der AulBendurchmesser des zweiten stan-en 
Doms; 

k) emeutes Erwarmen des bandverstarkten Transplantats auf eine ausreichend Temperatur, um ein weitercs 
radiales Schrumpfen des Transplantats zu bewirken, bis der Lumendurchmesser des bandverstarkten Trans- 
plantats Im wesentlfehen mit dem AuBendurchmesser des dritten starren Doms uberelnstlmmt 

24. Verfahren nach Anspruch 23, 

das femer folgende Schritte aufwelst: 

I) Entfemen des dritten stan'en Doms aus dem Lumen des bandverstarkten Transplantats; 

m) EInfuhren eines vierten stan'en Doms in das Lumen des bandverstarkten Transplantats, wobei der vierte 

stan-e Dom einen AulBendurchmesser aufwelst, der kleiner 1st ais der AuBendurchmesser des dritten starren 

Doms; 

n) emeutes Erwamien des bandverstarkten Transplantats auf eine ausreichende Temperatur, um ein weiteres 
radiales Schrumpfen des Transplantats zu bewlricen, bis sein Lumendunchmesser Im wesentlichen mit dem 
AuBendurchmesser des vierten stan^en Doms uberelnstlmmt. 

25. Verfahren nach Anspruch 24, 

das femer folgende Schritte aufwelst: 

o) Entfernen des vierten starren Dorns aus dem Lumen des bandverstariden Transplantats; 

p) Einfuhren eines funften stan-en Doms In das Lumen des bandverstarkten Transplantats, wobel der fQnfle 

stan-e Dom einen AuBendurchmesser aufweist, der kleiner 1st ais der AuBendurchmesser des vierten stan-en 

Dorns; 

q) emeutes Erwannen des bandverstarkten Transplantats auf eine ausreichende Temperatur, um ein weiteres 
radiales Schrumpfen des bandverstarkten Transplantats zu bewiricen, bis sein Lumendurchmesser Im wesent- 
lichen mit dem AuBendurchmesser des funften starren Dorns ubereinstimmt. 

26. Verfahren nach Anspruch 22, 
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wobel der Schritt d) femer die Festlegung der Enden des bandverstSrkten Transplantats an dem ersten Dom 
befnhattet, urn eine Verfcurzung des bandverstgrkten Transplantats in Langsrichtung wShrend der nachfolgenden 
Erwamiung desselben in dem Schritt e) zu verhindem. 

5 27. Verfahren nach Anspruch 22, 

wobei der Schritt g) femer die Festlegung der Enden des bandverstarkten Transplantats an dem zwelten stan^en 
Dom belnhaltet, um eine VericQtzung des bandverstSrkten Transplantats In Lingsrichtung wdhrend der nachfol- 
genden Erwimnung in dem Schritt h) zu veriiindem. 

10 28. Verfahren nach Anspruch 23, 

wobei der Schritt J) femer die Festlegung der Enden des bandverstdrkten Transplantats an dem dritten stan^en 
Dom belnhaltet» um eine Veridirzung des bandverstaricten Transplantats in LSngsrichtung wahrend der nachfol- 
genden Erwdmnung In dem Schritt k) zu veriiindem. 

15 29. Verfahren nach Anspruch 24, 

wobei der Schritt m) femer die Festlegung der Enden des bandverstarkten Transplantats an der auBeren Ober- 
flSche des vierten starren Doms beinhaltet, um eine VerkOrzung des bandverst§ricten Transplantats in Ldngsrich- 
tung wahrend der nachfolgenden Erwdrmung in dem Schritt n) zu verhindem. 

20 30. Verfahren nach Anspruch 25, 

wobei der Schritt p) ferner die Festlegung der Enden des bandverstariden Transplantats an dem fOnften starren 
Dom beinhaltet, um eine Verfcurzung des bandverstdricten Transplantats In langsrichtung wdhrend der nachfol- 
genden Erwamiung In dem Schritt q) zu verhindem. 

25 31. Verfahren zum Herstellen eines radial erweitertDaren, bandverstarkten, rohrfonnigen GefaBtranspiantats, 
wobei das Verfahren foigende Schritte aufweist 

a) Herstellen einer Band-Rohre durch Herumwickein einer Menge von expandiertem geslntertem Ruorpoly- 
mertsand um einen stan^en Dom sowte anschlleBendes Erwimien des Bands zur Bildung der Band-R6hre; 

30 b) radiates Schrumpfen der Band-Rohre; 

c) koaxiales Positlonieren eines rohrfomriigen Basistransplantats, das aus expandiertem gesintertem Ruorp- 
olymer gebildet ist, im Inneren der Band-Rohre; 

d) Bewlrken, daB die Band-Rohre an dem Basistransplantatbefestigt wird, um dadurch das radial erwetteri3are. 
bandverstaricte. rohrformige GefaBtransplantat zu biiden. 

35 

32. Verfahren nach Anspruch 31 , 

wobei das Verfahren femer folgenden Schritt aufweist: 

e) Veriiindem, daS die Band-Rohre eine Vericurzung in Langsrichtung erfihrt. wfihrend die Rohre der radlalen 
Schrumpfung des Schritts b) unterzogen wird. 

40 

33. Verfahren nach Anspruch 32, 

wobei der Schritt c) femer folgendes aufweist: 

- koaxiates Positionleren eines dunnwandigen rohrfdmilgen Basistransplantats, das eine Dteke Im Bereich von 
0,15 bis 0,65 mm aufweist, Im Inneren der Band-Rohre. 

34. Verfahren nach Anspruch 32, 

wobei der Schritt c) femer folgendes aufweist: 

50 - koaxiales Positionleren eines uitradunnwandigen rohrfomriigen Basistransplantats, das eine Dicke von weni- 
ger als 0,15 mm aufweist, Im Inneren der Band-R6hre. 

35. Verfahren nach Anspruch 31 , 

wobei das in Schritt a) venfvendete Band aus expandiertem gesintertem PTFE gebildet wIrd. 

55 

36. Verfahren nach Anspruch 31 , 

wobei das in Schritt c) venwendete rohrfomiige Basistransplantat aus expandiertem gesintertem PTFE gebikJet 
wird. 
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37. Verfahren zum Herstellen eines radial erwelterbaren, bandverstarkten, rohrformigen GefaBtransplantats, 
wobei das Verfahren folgende Schritte aufwefst 

a) Vorsehen einer Mange von expandlertem geslntertem Fluorpolymettand; 

b) Schrumpfen des expandlerten geslnterten Fluonaolymerbands; 

c) Herstellen eInes rohrfomilgen Baslstransplantats aus expandlertem Fluorpolymer, wobei das rohrfonnlge 
Basistransplantat ein Lumen und eine aul3ere Oberflache aufwelst; 

d) WIclceIn des geschrumpften, expandlerten, geslnterten Fluorpolymerbands auf die auBere OberfiSche des 
rohrfdmiigen Baslstransplantats; 

e) Bewirken einer Befestigung des Bands auf der auBeren Oberflache des rohrfomilgen Baslstransplantats, 
urn dadurch das radial erweiterbare, bandverstarkte, rohrfdrmlge GefSBtransplantat zu bllden. 

38. Verfahren nach Anspruch 37, 

wobei der Schritt c) femer folgendes aufwelst: 

Herstellen eInes dunnwandigen rohrfdmiigen Baslstransplantats, das eine Diclce im Bereich von 0,15 bis 0,65 
mm aufwelst. 

39. Verfahren nach Anspruch 37, 

wobei der Schritt c) femer folgendes aufweist: 

- Herstellen eines uttradunnwandigen rohrfomfilgen Baslstransplantats, das eine Dicke von weniger als 0,15 
mm aufweist. 

40. Verfahren nach Anspruch 37, 

wobei das In Schritt a) gebildete Band aus expandlertem, gesintertem PTFE gebildet wird. 

41. Verfahren nach Anspruch 37, 

wobei das in Schritt c) gebildete rohrfdrmlge Basistransplantat aus expandlertem, gesintertem PTFE gebildet wIrd. 



Revendlcations 

1 . Proc6d6 pour f abriquer une greff e vasculaire tubulaire radialement extensible et renforc^e par bande, ledit proc^dd 
comprenant les stapes consistant a : 

a) produire une pifece comprenant : 

i. une greffe de base tubulaire comprenant une surface ext6rieure et une lumidre creuse s'dtendant lon- 
gitudinalement k travers celle-ci, ladite greffe de base tubulaire 6tant fonn6e sensiblement d'un matdriau 
de fluoropolymdre frittd ; et 

il. une bande de renforcement enroul6e autour de la surface ext^rieure de ladite greffe de base tubulaire, 
ladite bande de renforcement comprenant un film fomi6 sensiblement de mat^riau de fluoropolymfere 
m6 ; et 

b) r6trteir radialement ladite pl^. de fa^n a amenerla greffe dans un dtat radialement r6XrM k partir duquel 
ladite greffe peut dtre ult6rieurement radialement agrandle. 

2. Proc6d6 salon la revendication 1 dans lequel ledit proc6d6 comprend 6galement I'dtape consistent k : 

c) empdcher la pi^e de subir un raccourcissement longitudinal pendant que ladite pidce est soumise au 
r^trteissement radial de I'^tape b. 

3. Proc6d6 selon la revendication 1 dans lequel I'^tape b comprend : 

dans un premier temps, le r6tr6clssement radial de la pl6ce d'une premiere grandeur incr6mentielle ; et, 
ensuite. le r^trdclssement radial de la pl5ce d'au moins une grandeur incr^mentlelle suppl^mentaire. 

4. Proc6d6 selori la revendication 3 dans lequel l*6tape "ensuite, le r6tr6clssement radial de la pl^ce d'au molns une 
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grandeur incr6mentlelle suppl^mentalre" comprend : * 
le rdtrSclssement radial de la pi^ d'une deuxi6me grandeur Incr6mentiel(e. 

5. Proc6d6 seton la revendicatlon 4 dans lequel I'^tape b compfend ^alement : 

5 ensurte, le r6tr6cissement radial de la pitee d'une trolsi^e grandeur incr^mentleile. 

6. Proc6d^ selon la revendication 5 dans lequel I'^tape b comprend 6galement : 

ensuite, le r6tr6cissement radial de la pltee d'une quatri^me grandeur incr^mentielle. 

10 7. Proc§d6 selon la revendication 6 dans lequel I'dtape b comprend ^galement : 

ensurte, le r^tr^issennent radial de la pl^ d'une cinqui^e grandeur incr^mentielle. 

8. Proc^dd selon la revendication 1 dans lequel la lumi^re de la greffe de base tubulaire de la pitee foumie dans 
l'6tape a» poss6de un premier diamdtre luminal avant de subir le r6tr6cissement radial dans I'^tape b du proc6d6, 

IS et dans lequel Tdtape b du proc^dd comprend : 

la foumlture d'un premier mandrin de r6tr6cissement poss^dant un diamdtre ext^rleur qui est Inf^rleur au 
diam&tre luminal de la greffe ; 

rinsertion dudit premier mandrin de rdtr^lssement dans la luml^re de la pitee ; 
^ le chauffage de la pitee pour conduire la pl^ k retr^ir radlalement jusqu'^ ce que le diam&tre luminal de 

la pifece sort sensibtement le mdme que le diamdtre ext6rleur dudit premier mandrin de r^tr^cissement. 

9. Proc6d6 selon la revendication 8 dans lequel I'dtape b dudit proc6d6 comprend 6galement : 

le retrait diidit premier mandrin de r^tr^issement de la lumi^re de la pi^ ; 

la foumlture d'un deuxi&me mandrin de r^tr^cissement possddant un dlam^tre ext^rieur qui est inf6rieur au 
diametre extdrieur dudit premier mandrin de r6tr6cissement ; 
{•insertion dudit deuxidme mandrin de r6tr6dssement dans la Iumi6re de la pifece ; et, 
le chauffage de la pidce pour conduire la piece k r6tr6cir radialement jusqu'& ce que le diametre luminal de 
^ la pi^ soit sensiblement le m§me que ie diametre extdrieur du deuxidme mandrin de ritrtelssement 

10. Proc6dd selon la revendication 9 dans lequel t'dtape b dudit procddd comprend 6galement : 

le retrait dudit deuxifeme mandrin de r6tr6cissement de la lumidre de la pi6ce ; 
35 . la foumlture d'un trolsifeme mandrin de r6tr6clssement poss6dant un diamfetre ext6rieur qui est Inf6rieur au 

diamdtre extSrieur dudit deuxl6me mandrin de rStr^issement ; 
' rinsertion dudit troisidme mandrin de r^tr^tssement dans la lumi^re de la pi&ce ; et, 
le chauffage de la pi§ce pour conduire la pi6ce k r6tr6cir radlalement Jusqu'li ce que le diamdtre luminal de 
la pi^ soit sensiblement ie merne que le diam&tre ext6rieur du troisidme mandrin de ritrScissement 

40 

11. Procddd selon la revendication 10, dans lequel r^tape b comprend 6galement : 

la foumlture d'un quatri6me mandrin de rdtrdcissement poss6dant un diam&tre ext^rieur qui est Inf6rieur au 
diamfetre ext6rieur dudit troisi^me mandrin de r6tr6cissement ; 
^ rinsertion dudit quatri^me mandrin de r§tr6ctssement dans la lumi^re de la pi^ et, 

le chauffage de la pitee pour conduire la pl^ k r^tr^clr radlalement Jusqu'^i ce que le dlam6tre luminal de 
la pl^e soit sensiblement le mdme que le diam§tre ext6rieur du quatri^e mandrin de r^trtelssement. 

12. Proc^d^ selon la revendication 11 dans lequel r^tape b comprend dgalement : 

50 

le retrait du quatridme mandrin de r^tr^cissement de la tumi^re de la pi^ ; 

la fourniture d'un cinquidme mandrin de retrecissement poss6dant un diann&tre ext^rieur qui est inf^rieur au 

diamdtre extdrieur du quatri^me mandrin de r6tr6cissement ; 

rinsertion dudit cinquifeme mandrin de r6tr6cissement dans la Iuml6re de la pifece ; et, 

le chauffage de la pldce pour conduire la pi6ce k r^trdcir radlalement jusqu'& ce que le diamdtre luminal de 

la pidce soit sensiblement le mdme que le diamdtre extdrieur du cinquidme mandrin de rdtrdclssement. 

13. Procddd selon la revendication 1 dans lequel la greffe de base tubulaire de la pidce est fomide de PTFE expanse 
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ctfritt6. 

14. Proc6d6 selon la revendication 1 dans lequel la bande de renforcement de la pi^ce est form^e sensiblement de 
PTFE expanse et frittd. 

15. Proc6d6 selon la revendication 3 dans lequel ledlt proc6d6 comprend I'^tape conslstant ^ : 

c) empdcher la ptdce de sublr un raccourcissennent longitudinal pendant que ladite pidce subit le r^trtelsSe- 
ment radial de I'^tape b. 

16. Proc6d6 selon la revendication 9 dans lequel ledit proc6d6 comprend 6galement l*6tape consistent ^ : 

c) emp§cher la pifece de sublr un raccourclssement longitudinal pendant que ladite pi6ce subit le r6tr6clsse- 
ment radial de r^tape b. 

17. Proc6d6 selon Tune quelconque des revendlcations pr^c^entes, comprenant 

la foumlture d'un appareil d'ancrage pour ancrer ladite greffe ^ la parol d'un vaisseau sanguin aprfes que la 
greffe ait 6t6 i) positionn§e k I'int^rieur de la luml6re et li) radiaiement dilat6e dans la lumlfere dudit vaisseau sanguin. 

18. Proc^d^ selon la revendication 1 dans lequel T^tape b comprend : 

le r§tr6dssement radial de ladite pl6ce de fa^on h ce que la dimension radiale de la pi6ce soit dimlnu6e de 
plus de 5 %. 

19. Proc^dd selon la revendication 1 dans lequel r6tape b comprend : 

le retr6cissement radial de ladite pidce de fagon k ce que la dimension radiale de la pi6ce soit diminu6e do 
plus de 10%. 

20. Proc6dd selon la revendication 1 dans lequel r^tape b comprend : 

le r6tr6cissement radial de ladite pl6ce de fa^on h ce que la dimension radiale de la pitee soit diminude de 
plus de 20 %. 

21 . Proc6d6 selon la revendication 1 dans lequel I'^tape b comprend : 

le r§tr6clssement radial de ladite pi6ce de f agon k ce que la dimension radiale de la piece soit diminu§e de 
plus de 40 %. 

22. Proc6d6 par lot pour fabriquer une greffe vasculaire tubulaire radialement extensible, renforc6e parbande form6e 
essentlellement de PTFE fritt6, ledit proc6d6 comprenant les stapes conslstant k : 

a) fournir une greffe de base tubulaire fomi6e de PTFE expanse etfritt6, ledit tube comprenant une premlfere 
extr6mit6, une deuxidme extr6mlt6, une surface ext6rieure, et une lumlfere d'un premier diamfetre s'6tendant 
longitudinalement k travers celle-ci ; 

b) fournir une quantit6 de bande de renforcement de PTFE, ladite bande comprenant un film de PTFE expanse 
et frrttS possddant une 6paisseur de 2,5 k 76,2 ^m (0,0001 k 0,003 pouce) ; 

c) Insurer un premier mandrin riglde dans la lumifere de ladite greffe de base tubulaire, ledit premier mandrin 
rigide poss6dant un diamfetre ext6rieur qui est sensiblement 6gal au premier diamdtre luminal de ladite greffe 
de base tubulaire ; 

d) enrouler en spirale ladite bande de renforcement autour de la surface extdrieure de ladite greffe de base 
tubulaire pour fomner une greffe renforcde par bande ; 

e) chauffer ladite greffe renforc6e par bande k une temperature sup6rieure k 327*C pendant un Intervalle de 
temps suffisant pour conduire ladite bande de renforcement k se stratifier sur la surface ext6rieure de ladite 
greffe de base tubulaire ; 

f) retirer ledit premier mandrin de la lumi^re de la greffe renforc6e par bande ; 

g) insurer un deuxl6me mandrin riglde dans la lumifere de la greffe rent orc6e par bande. ledit deuxifeme mandrin 
rigide poss6dant un diamfetre ext6rieur qui est Inf6rieur au premier diam6tre luminal de la lumidre de ladite 
greffe renforc6e par bande ; 

h) ciiauffer de nouveau la greffe renforc6e par bande k une temp6rature suffisante pour conduire la greffe 
renforc6e par bande k r6tr6cir radialement jusqu'^i ce que son dlam^tre luminal soit sensiblement le mdme 
que le diam6tre ext^rieur du deuxi^me mandrin rigide. 

23. Proc6d6 selon la revendication 22 comprenant 6galement les Stapes consistent k : 



20 



EP0 821 648 B1 



i) retirer ledit deuxl6me mandrin riglde de la lumlfere de ladfte greffe renforc§e par bande ; 
j) Insurer un trolsidme mandrin riglde dans la Iumi6re de ladlte greffe renforc6e par bande, ledit trolsl6me 
mandrin rigide poss6dant un diamdtre ext6rieur qui est inf^rieur au dlamfetre extdrieur du deuxidme mandrin 
rigide ; 

h) chauffer de nouveau la greffe renforc6e par bande k une temp6rature suffisante pour causer le r6tr6cisse- 
ment radial suppl6mentalre de ladlte greffe jusqu'^i ce que le diam^tre luminal de la greffe renf orc6e par bande 
soit sensiblement le mSme que le diamdtre extSrieur dudit trolsl6me mandrin rigide. 

24. Proc6dd selon la revendlcatlon 23 comprenant 6galement les stapes consistent k : 

1) retirer ledit trolslfeme mandrin riglde de la lumidre de ladite greffe renforc^e par bande ; 
m) insurer un quatridme mandrin rigide dans la Iuml6re de ladfte greffe renforc6e par bande. ledit quatri^me 
mandrin riglde poss6dant un diamfetre ext6ri6ur qui est Inf 6rieur au dlamfetre extdrieur dudIt troisl^e mandrin 
riglde ; 

n) chauffer de nouveau la greffe renforc6e par bande d une temp6rature suffisante pour causer le r6tr6clsse- 
ment radial suppl6mentaire de la greffe jusqu'& ce que son dtamfetre luminal soit sensiblement le m§me que 
le diam&tre ext^rleur dudit quatri6me mandrin rigide. 

25. Proc6d6 selon la revendlcatlon 24 comprenant 6galement les dtapes conslstant h : 

0) retirer ledit quatrifeme mandrin riglde de la lumidre de ladite greffe renforc6e par bande ; 
p) Insurer un cinquidme mandrin riglde dans la lumldre de ladlte greffe renforc6e par bande, ledit cinqul^me 
mandrin riglde poss6dant un diamfetre ext6rieurqui est inf6rieur au diam6tre ext6rieur dudit quatri6me mandrin 
rigide ; 

q) chauffer de nouveau la greffe renforc6e par bande k une temperature suffisante pour causer le r6tr6clsse- 
ment radial supp!6mentalre de ladlte greffe renforc6e par bande jusqu'^ ce que son diamdtre luminal soit 
sensiblement le m§me que le dlam&tre extdrieur dudit dnqulfeme mandrin rigide. 

26. Precede selon la revendication 22, dans lequel I'etape d comprend ^alement ia fixation des extr6mll6s de la 
greffe renforc§e par bande audit premier mandrin pour emp§cher le raccourclssement longitudinal de la greffe 
renforc6e par bande pendant le chauffage uit^rieur de celle-cl dans mtape e. 

27. Proc6d6 selon la revendication 22, dans lequel I'etape g comprend 6galement la fixation des extr6mlt6s de la 
greffe tubulaire renforc6e par bande audit deuxi^me mandrin riglde pour empScher le raccourclssement longitu- 
dinal de la greffe renforc6e par bande pendant le chauffage ult6rieur dans r6tape h. 

28. Proc6d6 selon la revendication 23, dans lequel r6tape J comprend 6galement la fixation des extr6mlt6s de ladite 
greffe renfofc6e par bande audit troislfeme mandrin rigide pour empdcher le raccourclssement longitudinal de la 
greffe renforc6e par bande pendant le chauffage ult^rieur dans Tdtape k. 

29. Proc6d6 selon la revendication 24, dans lequel r^tape m comprend 6galement la fixation des extr§mft6s de ladite 
greffe renforc6e par bande k la surface ext^rieure dudit quatridme mandrin rigide pour empdcher le raccourcls- 
sement longitudinal de la greffe renforcde par bande pendant le chauffage ultdrieur dans r6tape n. 

30. Proc6d6 selon la revendication 25, dans lequel l'6lape p comprend 6galement la fixation des exlr6mit6s de ladite 
greffe renforc6e par bande audit cinquldme mandrin rigide pour empdcher le raccourclssement longitudinal de la 
greffe renforcde par bande pendant le chauffage ult6rieur dans Tdlape q. 

31 . Procedd de fabrication d'une greffe vasculaire tubulaire renforcde par bande radlalement extensible, ledit procddd 

so comprenant les dtapes conslstant k : 

a) fonner un tube de bande en enroulant une quantity de bande de fluoropolymfere expanse et frfttd autour 
d'un mandrin riglde et ensuite chauffer ladlte bande pour fomier ledit tube de bande ; 

b) r6trecir radlalement ledit tube de bande ; 

c) positionner de fa^on coaxiale une greffe de base tubulaire fomi6e de fluoropolymdre expans6 et fritl6 dans 
ledit tube de bande ; 

d) amener ledit tube de bande k devenir fix6 k ladite greffe de base, de fa^on k former ladlte greffe vasculaire 
tubulaire extensible radlalement et renforc6e par bande. 
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32. Proc6cl6 selon la revendlcatlon 31 dans lequel ledit proc6d6 comprend 6galement I'dtape consistant k: 

e) emp§cher le tube de bande do subir un raccourcissement longitudinal pendant que ledit tube subit le 
r6tr^jssement radial de I'^tape b. 

33. Proc^dd selon la revendication 32 dans lequel r6tape c comprend 6galement : 

ie positionnement de fa^on coaxiale d'une greffe de base tubulaire k parol mince poss^dant une 6palsseur 
dans I'intervalle de 0,15 k 0,65 mm dans ledit tube de bande. 

34. Proc6d6 selon la revendication 32 dans lequel I'^tape c comprend 6gaiement : 

le positionnement de fapon coaxiale d'une greffe de base tubulaire k parol ultra-mince po5s6dant une 6pals- 
seur Inf^rleure k 0,15 mm dans ledit tube de bande. 

35. Proc^dd selon la revendication 31 dans lequel la bande utiiis6e dans l'6tape a est form6e de FTFE expanse et frittd. 

36. Proc6d6 seion la revendication 31 dans lequel la greffe de base tubulaire utilise dans l'6tape c est form6e de 
PTFE expans6 et frittd. 

37- Proc6d6 de fabrication d'une greffe vasculaire tubulaire radialement extensible et renforc6e par bande, ledit pro- 
c6d6 comprenant les 6tapes consistant k: 

a) foumir une quantity de bande de fluoropolym^re expanse et f ritt^ ; 

b) r6tr6cir ladlte bande de fluoropolymfere expans6 et fritt6 ; 

c) foumir une greffe de base tubulaire form^ de fluoropolym&re expanse et ladite greffe de base tubulaire 
comprenant une Iuml6re et une surface extfirieure ; 

d) enrouier la bande de fluoropolym&re expanse et fritt^, rdtr^le sur la surface ext^rieure de ladite greffe de 
base tubulaire ; 

e) conduire ladite bande k devenir fix6e k la surface ext6rieure de ladite greffe de base tubulaire, de fagon k 
fonner ladite greffe vasculaire tubulaire radialement extensible et renforc6e par bande. 

38. Proc^dd selon la revendication 37 dans lequel I'^tape c comprend ^alement : 

la foumiture d'une greffe de base tubulaire k parol mince poss^dant une ^aisseur dans i'intervalle de 0,15 
& 0,65 mm. 

39. Proc6d6 selon la revendication 37 dans lequel I'etape c comprend dgalement : 

la fourniture tfune greffe de base tubulaire k paroi uitra-mince poss6dant une 6palsseur Infdrieure k 0,1 5 mm. 

40. Proc^d selon la revendication 37 dans lequel la bande f oumie dans i'6tape a est fomn^e de PTFE expanse et f rltt6. 

41. Proc^d^ selon la revendication 37 dans lequel la greffe de base tubulaire foumie dans I'dtape c est form^e de 
PTFE expans6 et frltt6. 
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